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Scales do not elop equally on d i f f e r e n t  subs t r a t e s ,  even when bulk physi- 
cochemical conditions are t h e  same. The reasons f o r  these  d i f f e r e n t i a l  
developments, one must presume, are due t o  s u b t l e  f e a t u r e s  of t he  near- 
sur face  region, e i t h e r  composition o r  s t ruc tu re .  
s tud ie s  on t h e  s t r u c t u r a l  aspec ts ,  including concerns about t h e  molecular 
s t r u c t u r e s  of solvated components that may be involved with t h e  sur face  
r eac t ions .  
This approach is  r i c h l y  mechanistic i n  outlook. It involves concepts of 
s t e r eo  c o n s t r a i n t s  on t h e  chemical processes by which s o l u t e s  exchange 
atoms o r  e l ec t rons  with subs t ra tes .  These cons t r a in t s  are a consequence 
of t h e  more o r  less regular  p a t t e r n  of e l ec t ropo ten t i a l  t h a t  e x i s t s  a t  a 
c r y s t a l l i n e  surface.  ~ I n  p r inc ip l e ,  t he  e l ec t ropon ten t i a l  pa t t e rn  can be  
manipulated e i t h e r  through t h e  subs t r a t e  (more p rec i se ly  by se l ec t ing  o r  
designing s u b s t r a t e s  that have des i r ab le  pa t t e rns )  o r  through t h e  compo- 
nents  i n  t h e  near-surface l i q u i d  which modify t h e  bas ic  substrate-induced 
pa t t e rns  t h e  
Discussion 
A t  t h e  Idaho National Eng r a to ry ,  we are embarking i n t o  bas ic  
s t u d i e s  about how minerals develop from aqueous so lu t ions .  
s t u d i e s  w i l l  involve t h e  buildup of scale i n  a geothermal context.  
p ro j ec t  has j u s t  begun, hence no so l id  r e s u l t s  are ava i l ab le  now f o r  
repor t ing .  
l i n e  t h e  emphasis we plan t o  g ive  t o  t h e  top ic ,  i c h  con t r a s t s  t o  t h e  
approaches commonly used. 
An important premise of our approach considers t he  space i n  which hetero- 
geneous r eac t ions  t ake  place,  namely, t h e  boundary l aye r .  The i n t e r e s t i n g  
molecular processes occur wi th in  t h i s  boundary l aye r  and presumably are 
a f f ec t ed  by i ts  s t ruc tu re .  
s u b s t r a t e  s t r u c t u r e ,  so lu t ion  composition, and physical conditions.  
Features of t h e  s o l u t e s  are believed t o  be b e t t e r  (or poorer) adapted t o  
meeting t h e  s t r u c t u r a l  requirements of t h e  boundary l a y e r  reac t ions .  
These s t r u c t u r a l  requirements and r e l a t ionsh ips  are p a r t  of t h e  informa- 
t i o n  we seek. It is  through these  t h a t  w e  hope t o  f ind  explanations f o r  
p a r t i c u l a r  d e t a i l s  of scale morphology and development. 
The kinds of s we f ind  i n t e r e s t i n g  own i n  Figures 1, 2, 
3. 
W e  intend t o  focus our 
Our f i r s t  
The 
The purpose of Saying anything a t  a l l  a t  t h i s  t i m e  i s  t o  out- 
The boundary l a y e r  s t r u c t u r e  depends upon t h e  
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These f i g u r e s  concern a n  experiment i n  which geothermal water from Raft  
River No. 1 was flowed f o r  3 weeks through a cooled tube  of 1/8-inch O.D. 
carbon steel tubing.* 
and show the  scale-tube in te r face .  'Magnifications are 2000 x ,  hence cur- 
vature of t he  sec t ion  is  not obvious. 
The f igu res  are of t r ansve r se  sec t ions  of t h e  tubing 
The f igu res  are e l ec t ron  microprobe d a t a  t h a t  have been cast i n t o  i sople ths .  
Both S i  and Fe are shown on each map--Fe by t h e  heavy l i n e s .  
d e t a i l  i n  t h e  corner areas represents  t h e  carbon steel which serves  as an 
Fe standard. 'Fe i sop le ths  r e f e r  t o  photon r e t u r n s  from electron-stimulated 
Fe atoms'and are approximately r e l a t e d  t o  Fe content of t h e - s c a l e .  Spacing 
of t h e  i sop le ths  corresponds t o  10  percent increments of t h e  maximum photon 
r e t u r n  detected i n  t h e  scan area. 
topographic map. 
p a r a l l e l  corresponds t o  t h e  r u s t  l aye r  on t h e  i n s i d e  of t h e  tube. 
heavy Fe i sop le th  concerns classical compositions of Fe-bearing oxides and 
hydroxides. When adjustment is made f o r  t h e  lesser absorption of Fe photons 
by oxygen, a l l  compositions between goe th i t e  and magnetite g ive  similar 
photon r e tu rns ,  namely 68 t o  71 percent of t h e  r e t u r n  expected from pure Fe. 
Thus, most of t h e  space occupied by t h e  "rust" involved non-classical com- 
pos i t ions  o r  mixtures of S i  and Fe phases. 
S i  d a t a  is indicated by shading between i sop le ths ,  superimposed on t h e  Fe 
maps. Shading is done i n  alternate bands, 10-20, 30-40, 50-60, 70-80, 
where t h e  numbers represent  percents of maximum photon r e t u r n  wi th in  t h e  
scan area. 
of knowing what S i  content t h e  maximum S i  photon r e t u r n  r e f e r s  t o .  
shading thus  shows lateral  ex ten t  of S i  deposit ion wi th  a h i n t  about den- 
s i t y  of t h e  deposit .  
t h e  specimen i n  f e e t  downflow from t h e  hot end of t h e  tube. 
I n  Fig. 1, l o c a l  maxima of S i  deposit ions correspond i n  space t o  l o c a l  
excesses of Fe. Also, a d e f i n i t e ,  though low-level, deposit ion of S i  
e x i s t s  remote from t h e  S i  maxima. 
The busy 
These i sop le ths  may be  read j u s t  l ike  a 
The space involved with the  Fe i sop le ths  t h a t  are sub- 
The extra- 
There w a s  no S i  standard i n  t h e  probe setup, so we have no way 
The 
Large numbers on t h e  f i g u r e s  r e f e r  t o  t h e  loca t ion  of 
I n  Fig. 2, t h e  embayment of Fe contours suggests p i t  corrosion which is 
r e f l e c t e d  i n  t h e  S i  contours by a displaced s i te  of l o c a l  excess of depo- 
s i t i o n .  
I n  Fig. 3, t h e  l o c a l  excess of Fe without a S i  cover looks l i k e  a n  a r t i f a c t ,  
perhaps a consequence of t h e  t i m e  i n t e r v a l  between shutdown of t h e  experi- 
*Input w a s  d i r e c t l y  from t h e  w e l l  head. Pressures were 150 t o  170 p s i ,  
temperature input w a s  125 t o  130C, cooled t o  30C during a residence time 
near 12  seconds. 
s o l i d s ,  of which 80 percent i s  N a C l .  S i 0 2  content i s  100 t o  130 ppm. 
Water composition involves about 1300 ppm t o t a l  dissolved 
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L, 
ment and cut-up o f2  t h e  tube f o r  making metallographic mounts. The ends of 
t h e  tube  w e r e  crimped t o  deny 02 ( a i r )  access t o  t h e  in s ide ;  perhaps 
crimping was  not f u l l y  successful.  
The fou r th  f i g u r e  comes from some work I d id  several years  ago when studying 
t h e  conversion of CaC03 ( c a l c i t e )  t o  PbC03 (ceruss i te )  
showing t h e  diagram is  one of analogy. 
$he reason f o r  
W e  have a s u b s t r a t e  (CaC03) which 
both as a ‘support f o r  t h e  scale (PbCOg) and a source of one of t h e  
Figure 4 represents  severa l  d i s t i n c t i v e  events t h a t  are involved with t h e  
react ion, v i z  . 
1. adsorption of Pb(I1) on t h e  calcite sur face  
2. arrangement of Pb(I1) and Cog on t h e  calcite sur face  t o  nuc lea te  a 
c e r u s s i t e  c r y s t a l  
adsorption of Pb(I1) on c e r u s s i t e  3.  
4. arrangement of Pb(I1) on t h e  c e r u s s i t e  sur face  t o  add t o  the  c r y s t a l  
s t r u c t u r e  
arrangement of C03 on t h e  c e r u s s i t e  sur face  t o  add t o  t h e  c r y s t a l  
s t r u c t u r e  
5 .  
6. 
7. 
8. 
I n  add i t ion ,  ions  and molecules t h a t  are nonessential  t o  t h e  s c a l e  compo- 
s i t i o n  are sorbed on its sur faces  where they a f f e c t  the events l i s t e d  
above. 
phase and i n  combination it  seems p laus ib l e  that they might be chosen t o  
t o t a l l y  i n t e r f e r e .  
One commonly does research  i n  a system l i k e  t h i s  i n  order t o  i d e n t i f y  which 
of t h e  events determines t h e  ove ra l l  r e a c t i o n  rate, but t h e  question of 
rate con t ro l  may be fundamentally ambiguous. 
Pb(I1) so lu t ion  t h e  r eac t ion  was  observed t o  pass through seve ra l  s t ages  
when monitored i n  terms of t h e  rate of consumptions of Pb(I1). 
was l imi ted  i n  o v e r a l l  rate according t o  t h e  following sequence: 
Stage 1: 
Stage 2: 
nuclea t ion  of e t ch  p i t s  on t h e  calcite 
movement of s t e p s  on t h e  calcite sur face  
migration of c03 away from etch p i t s  i n  t h e  calcite 
-, 
These nonessential  sorba tes  may con t ro l  c r y s t a l  h a b i t  of t h e  scale 
I n  t h e  closed system calcite 
Each s t age  
nucleation rate of new c e r u s s i t e  c r y s t a l s ,  
sur face  area of ce russ i t e :  
of new c r y s t a l s  becomes s m a l l  compared t o  t h e  consumption by 
c r y s t a l  growth, 
Consumption of lead  by nucleation 
LJ 
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Stage 3: production and t r anspor t  of Cog t o  sites of p r e c i p i t a t i o n  on 
the c e r u s s i t e ,  
Stage 4: d i f fus ion  of Pb(1I) t o  the sites of p rec ip i t a t ion .  
Stage 4 occurs last ,  as t h e  Pb(I1) concentration approaches zero. 
In p r inc ip l e ,  t h e  sca l ing  r eac t ions  are vulnerable t o  in t e r f e rence  a t  each 
event i n  t h e  deposit ion process. 
based on d e t a i l e d  knowledge of molecular processes, which i n h i b i t  o r  pro- 
Eventually, w e  may devise  techniques, 
mote s c a l e  deposit ion in p laces  as we choose. 
Ld 
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